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Title: Apoptin-associating protein 

The invention relates to the field of apoptosis. 
Apoptosis is an active and programmed physiological 
process for eliminating superfluous, altered or malignant 
cells (Earnshaw, 1995, Duke et al . , 1996). Apoptosis is 
characterized by shrinkage of cells, segmentation of the 
nucleus, condensation and cleavage of DNA into domain- 
sized fragments, in most cells followed by 
internucleosomal degradation. The apoptotic cells 
fragment into membrane -enclosed apoptotic bodies. 
Finally, neighbouring cells and/or macrophages will 
rapidly phagocytose these dying cells (Wyllie et al . , 
1980, White, 1996) . Cells grown under tissue-culture 
conditions and cells from tissue material can be analysed 
for being apoptotic with agents staining DNA, as e.g. 
DAPI, which stains normal DNA strongly and regularly, 
whereas apoptotic DNA is stained weakly and/or 
irregularly (Noteborn et al . , 1994, Telford et al . , 
1992) . 

The apoptotic process can be initiated by a variety 
of regulatory stimuli (Wyllie, 1995, White 1996, Levine, 
19 97) . Changes in the cell survival rate play an 
important role in human pathogenesis of diseases, e.g. in 
cancer development and auto -immune diseases, where 
enhanced proliferation or decreased cell death (Kerr et 
al., 1994, Paulovich, 1997) is observed. A variety of 
chemotherapeutic compounds and radiation have been 
demonstrated to induce apoptosis in tumor cells, in many 
instances via wild-type p53 protein (Thompson, 1995, 
Bellamy et al., 1995, Steller, 1995, McDonell et al . , 
1995) . 

Many tumors, however, acquire a mutation in p53 
during their development, often correlating with poor 
response to cancer therapy. Certain transforming genes of 
tumorigenic DNA viruses can inactivate p53 by directly 
binding to it (Teodoro, 1997) . An example of such an 
agent is the large T antigen of the tumor DNA virus SV40. 



2 



For several (leukemic) tumors, a high expression level of 
the proto-oncogene Bcl-2 or Bcr-abl is associated with a 
strong resistance to various apoptosis- inducing 
chemotherapeutic agents (Hockenberry 1994, Sachs and 
Lotem, 1997) . 

For such tumors lacking functional p53 (representing 
more than half of the tumors) alternative anti-tumor 
therapies are under development based on induction of 
apoptosis independent of p53 (Thompson 1995, Paulovich et 
al., 1997) . One has to search for the factors involved in 
induction of apoptosis, which do not need p53 and/or can 
not be blocked by anti-apoptotic activities, such as Bcl- 
2 or Bcr-abl -like ones. These factors might be part of a 
distinct apoptosis pathway or might be (far) downstream 
of the apoptosis inhibiting compounds. 

Apoptin is a small protein derived from chicken 
anemia virus (CAV; Noteborn and De Boer, 1995, Noteborn 
et al., 1991, Noteborn et al . , 1994; 1998a), which can 
induce apoptosis in human malignant and transformed cell 
lines, but not in untransf ormed human cell cultures. In 
vitro, apoptin fails to induce programmed cell death in 
normal lymphoid, dermal, epidermal, endothelial and 
smooth-muscle cells. However, when normal cells are 
transformed they become susceptible to apoptosis by 
apoptin. Long-term expression of apoptin in normal human 
fibroblasts revealed that apoptin has no toxic or 
transforming activity in these cells (Danen-van Oorschot, 
1997 and Noteborn, 1996) , 

In normal cells, apoptin was found predominantly in 
the cytoplasm, whereas in transformed or malignant cells 
i.e. characterized by hyperplasia, metaplasia, dysplasia 
or aplasia, it was located in the nucleus, suggesting 
that the localization of apoptin is' related to its 
activity (Danen-van Oorschot et al . 1997). 
Apoptin- induced apoptosis occurs in the absence of 
functional p53 (Zhuang et al., 1995a), and cannot be 
blocked by Bcl-2, Bcr-abl (Zhuang et al . , 1995), or the 
Bcl-2-associating protein BAG-1 (Danen-Van Oorschot, 
1997a, Noteborn, 1996) . 
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Therefore, apoptin is a therapeutic compound for the 
selective destruction of tumor cells, or other 
hyperplasia, metaplasia, a- or dysplasia, especially for 
those tumor cells which have become resistant to (chemo) - 
therapeutic induction of apoptosis, due to the lack of 
functional p53 and (over) -expression of Bcl-2 and other 
apoptosis- inhibiting agents (Noteborn and Pietersen, 
1998) . It appears, that even pre -malignant , minimally 
transformed cells, are sensitive to the death- inducing 
effect of apoptin. In addition, Noteborn and Zhang (1998) 
have shown that apoptin- induced apoptosis can be used as 
diagnosis of cancer-prone cells and treatment of cancer- 
prone cells. 

The fact that apoptin does not induce apoptosis in 
normal human cells, at least not in vitro, shows that a 
toxic effect of apoptin treatment in vivo will be very 
low. Noteborn and Pietersen (1998) and Pietersen et al . 
(19 98) have provided evidence that adenovirus expressed 
apoptin does not have an acute, toxic effect in vivo. In 
addition, in nude mice it was shown that apoptin has a 
strong anti -tumor activity. 

However, to further enlarge the array of therapeutic 
anti-cancer or anti-auto- immune-disease compounds 
available in the art, additional therapeutic compounds 
are desired that are designed to work alone, sequentially 
to, or jointly with apoptin, especially in those cases 
wherein p53 is (partly) non-f unctional . 

The invention provides novel therapeutic 
possibilities, for example novel combinatorial therapies 
or novel therapeutic compounds that can work alone, 
sequentially to, or jointly with apoptin, especially in 
those cases wherein p53 is (partly) non- functional . 
In a first embodiment, the invention provides an isolated 
or recombinant nucleic acid or functional equivalent or 
fragment thereof encoding an apoptin-associating 
proteinaceous substance capable of providing apoptosis, 
alone or in combination with other apoptosis inducing 
substances, such as apoptin. Proteinaceous substance 
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herein is defined as a substance comprising a peptide, 
polypeptide or protein, optionally having been modified 
by for example glycosylation, myristilation, 
phosporylation, the addition of lipids, by homologous or 
heterologous di-or multimerisation, or any other 
(posttranslational) modifications known in the art. 

Apoptin-associating herein is defined as belonging 
to the cascade of substances specifically involved in the 
cascade of events found in the apoptosis pathway as 
inducable by apoptin, preferably those substances that 
are specifically involved in the p53 -independent 
apoptosis pathway . 

In a preferred embodiment, the invention provides an 
isolated or recombinant nucleic acid or functional 
equivalent or fragment thereof encoding an apoptin- 
associating proteinaceous substance capable of providing 
apoptosis derived from a cDNA library, preferably a 
vertebrate cDNA library, such as derivable from poultry, 
but more preferably a mammalian cDNA library, preferably 
wherein said cDNA library comprises human cDNA. 

In another embodiment, the invention provides an 
isolated or recombinant nucleic acid or functional 
equivalent or fragment thereof encoding an apoptin- 
associating proteinaceous substance capable of providing 
apoptosis capable of hybridising to a nucleic acid 
molecule encoding an apoptin-associating proteinaceous 
substance capable of providing apoptosis as shown in 
figure 1 or 2 , in particular encoding a novel protein 
capable of providing apoptosis or functional equivalent 
or functional fragment thereof called apoptin-associating 
protein 1, abbreviated herein also as AAP-1. Of course, 
an isolated or recombinant nucleic acid or functional 
equivalent or fragment thereof encoding an additional 
apoptin-associating proteinaceous substance capable of 
associating with the AAP-1 protein are herewith also 
provided, means and methods to arrive at such an 
additional protein located in the apoptin cascade follow 
those of the detailed description given herein. 



Printed:05-1 2-2000 



a 



Sf9f920285l9 




5 



In particular, the invention provides an isolated or 
recombinant nucleic acid or functional equivalent or 
fragment thereof encoding an apoptin-associating 
proteinaceous substance capable of providing apoptosis 
being at least 70% homologous, preferably at least 80%, 
more preferably at least 90%, most preferably at least 
95% homologous to a nucleic acid molecule, or to a 
functional equivalent or functional fragment thereof, 
encoding an apoptin-associating proteinaceous substance 
as shown in figure 1 or 2 . 

Furthermore, the invention provides a vector 
comprising a nucleic acid according to the invention . 
Examples of such a vector are given in the detailed 
description given herein; such as vector pMT2SM-AAP-l-a 
or b, pMT2SM vector expressing Myc-tagged AAP-l-a or AAP- 
1-b cDNAs, a plasmid expressing an apoptin-associating 
protein fragment, and so on. These and other vectors are 
for example useful in finding additional apoptin- 
associating proteinaceous substances from the cascade, as 
defined above. 

In yet another embodiment, the invention provides a 
vector comprising a nucleic acid according to the 
invention, said vector comprising a gene-delivery 
vehicle, making the invention very useful in gene 
therapy. By equiping a gene delivery vehicle with a 
nucleic acid according to the invention, and by targeting 
said vehicle to a cell or cells that have been over- 
proliferating and/or have shown decreased death rates, 
said gene delivery vehicle provides said cell or cells 
with the necessary means for apoptosis, providing far 
reaching therapeutic possibilities . 

Furthermore, the invention provides a host cell 
comprising a nucleic acid or a vector according to the 
invention. Examples comprise transformed or transfected 
bacterial or yeast cells as described in the detailed 
description herein. Preferred is a host cell according to 
the invention which is a transformed eukaryotic cell such 
as a yeast cell or a vertebrate cell, such as mammalian 
or Cos cells transformed or transfected with a nucleic 
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acid or vector according to the invention. Said cells are 
in general capable to express or produce a proteinaceous 
substance capable of providing apotosis with the ability 
to associate with apoptin. 

The invention furthermore provides an isolated or 
recombinant apoptin-associating proteinaceous substance 
capable of providing apoptosis. As for example shown 
herein in figure 4, expression of such apoptin- 
associating proteinaceous substance in cells, such as 
tumour cells, or other over-proliferating cells, induces 
the apoptic process. It can do so alone, or in the 
presence of other apoptosis inducing substances such as 
apopotin, and especially so independent of p53, showing 
that also in those cases where (functional) p53 is absent 
apoptosis can be induced by a substance according to the 
invention. In particular, the invention provides a 
proteinaceous substance according to the invention 
encoded by a nucleic acid according to the invention, for 
example comprising at least a part of an amino acid 
sequence as shown in figure 3 or a functional equivalent 
or functional fragment thereof capable of providing 
apoptosis alone or in combination with other apotosis 
inducing substances such as apoptin. 

The invention also provides an isolated or synthetic 
antibody specifically recognising a proteinaceous 
substance or functional equivalent or functional fragment 
thereof according to the invention. Such an antibody is 
for example obtainable by immunising an experimental 
animal with a apoptin-associating proteinaceous substance 
or an immunogenic fragment or equivalent thereof and 
harvesting polyclonal antibodies from said immunised 
animal (as shown herein in the detailed description) , or 
obtainable by other methods known in the art such as by 
producing monoclonal antibodies, or (single chain) 
antibodies or binding proteins expressed from recombinant 
nucleic acid derived from a nucleic acid library, for 
example obtainable via phage display techniques. 

With such an antibody, the invention also provides a 
proteinaceous substance specifically recognisable by such 
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an antibody according to the invention, for example 
obtainable via immunoprecipitation, Western Blotting, or 
other immunological techniques known in the art . 

Furthermore, the invention provides use of a nucleic 
acid, vector, host cell, or protei'naceous substance 
according to the invention for the induction of 
apoptosis, as for example shown in figure 4. In 
particular, such use is provided wherein said apoptosis 
is p53 -independent . In particular, such use is also 
provided further comprising use of a nucleic acid 
encoding apoptin or a functional equivalent or fragment 
thereof or use of apoptin or a functional equivalent or 
fragment thereof. As can be seen from figure 4, combining 
these apoptin- inducing substances increases the 
percentage apoptosis of treated tumour cells. 

Such use as provided by the invention is 
particularly useful from a therapeutic viewpoint. The 
invention provides herewith a pharmaceutical composition 
comprising a nucleic acid, vector, host cell, or 
proteinaceous substance according to the invention. In 
addition, such a pharmaceutical composition according to 
the invention is provided further comprising a nucleic 
acid encoding apoptin or a functional eqfuivalent or 
fragment thereof or apoptin or a functional equivalent or 
fragment thereof . 

Such a pharmaceutical composition is in particular 
provided for the induction of apoptosis, for example 
wherein said apoptosis is p5 3 -independent , for the 
treatment of a disease where enhanced cell proliferation 
or decreased cell death is observed, as is in general the 
case when said disease comprises cancer or auto- immune 
disease. Herewith the invention provides a method for 
treating an individual carrying a disease where enhanced 
cell proliferation or decreased cell death is observed 
comprising treating said individual with a pharmaceutical 
composition according to the invention. In particular 
these compositions comprise a factor of an apoptosis 
pathway, which is specific for transformed cells. 
Therefore, these compositions are essential for new 
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treatments, but also for diagnosis of diseases related 
with aberrancies in the apoptotic process, such as cancer 
and auto- immune diseases. 

The invention will be explained in more detail in the 
following detailed description which is not limiting the 
invention . 

Detailed description 



We have used the yeast -2 hybrid system (Durfee et 
al . , 1993) to identify apoptin-associating cellular 
compounds, which are essential in the induction of 
apoptosis. The used system is an in-vivo strategy to 
identify human proteins capable of physically associating 
with apoptin. It has been used to screen cDNA libraries 
for clones encoding proteins capable of binding to a 
protein of interest (Fields and Song, 1989, Yang et al . , 
1992) . The invention provides a for example novel 
apoptin-associating protein, one of which is named 
apoptin-associating protein 1, abbreviated as AAP-1, The 
invention also provides a method for inducing apoptosis 
through interference with the function of this newly 
discovered AAP-1 protein or functional equivalents or 
fragments thereof and/or the induction of apoptosis by 
means of (over) expression of AAP-1 or related gene or 
functional equivalents or fragments thereof. 

The invention also provides an ant i- tumor therapy 
based on the interference with the function of AAP-l-like 
proteins and/or its (over) expression . AAP-l-like proteins 
are normally not very abundantly present in immortalized 
cell lines. Therefore, an aberrant high level of AAP-l- 
like proteins will result in the induction of the 
opposite process of cell transformation, namely 
apoptosis. The invention furthermore provides the 
mediator of apoptin- induced apoptosis, which is tumor- 
specific. The invention provides a therapy for cancer, 
auto- immune diseases or related diseases which is based 
on AAP-l-like proteins alone or in combination with 
apoptin and/or apoptin-like compounds. 
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Construction of pGBT9-VP3 

For the construction of the bait plasmid, which 
enables the identification of apoptin-associating 
proteins by means of a yeast-two-hybrid system, plasmid 
pET-16b-VP3 (Noteborn, unpublished results) was treated 
with Nde l and Bam HI > The 0.4 kb Nde l- BamH I DNA fragment 
was isolated from low-melting-point agarose. 
Plasmid pGBT9 (Clontech Laboratories, Inc, Palo Alto, 
USA) was treated with the restriction enzymes EcoRI and 
BamH I . The about 5.4-kb DNA fragment was isolated and 
ligated to an EcoRI -Ndel linker and the 0.4-kb DNA 
fragment containing the apopt in -encoding sequences 
starting from its own ATG- initiation codon. The final 
construct containing a fusion gene of the GAL4 -binding 
domain sequence and apopt in under the regulation of the 
yeast promoter ADH was called pGBT-VP3 and was proven to 
be correct by restriction- enzyme analysis and DNA- 
sequencing according to the Sanger method (1977) . 

All cloning steps were essentially carried out as 
described by Maniatis et al . (1992). The plasmid pGBT-VP3 
was prurified by centrif ugation in a CsCl gradient and 
column chromatography in Sephacryl S500 (Pharmacia) . 

GAL4 -activation domain- tagged cDNA library 

The expression vector pACT, containing the cDNAs 
from Epstein-Barr-virus-transf ormed human B cells fused 
to the GAL4 transcriptional activation domain, was used 
for detecting apoptin-associating proteins. The pACT c- 
DNA Ibrary is derived from the lambda-ACT cDNA library, 
as described by Durfee et al . 1993. 

Bacterial and Yeast strains 

The E.coli strain JM109 was the transformation 
recipient for the plasmid pGBT9 and pGBT-VP3 . The 
bacterial strain electromax/DHlOB was used for the 
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transformation needed for the recovery of the apopt in- 
associating pACT-cDNAs, and was obtained from GIBCO-BRL, 
USA. 

The yeast strain Y190 was used for screening the 
cDNA library, and all other transformations, which are 
part of the used yeast -two -hybrid system. 

Media 

For drug selections Luria Broth (LB) plates for 
E.coli were supplemented with ampicillin (50 microgram 
per ml) . Yeast YPD and SC media were prepared as 
described by Rose et al . (1990) . 

Transformation of competent yeast strain Y190 with 
plasmids pGBT-VP3 and pACT-cDNA and screening for beta- 
galactosidase activity. 

The yeast strain Y19 0 was made competent and 
transformed according to the methods described by Klebe 
et al . (1983). The yeast cells were first transformed 
with pGBT-VP3 and subsequently transformed with pACT- 
cDNA, and these transformed yeast cells were grown on 
histidine-minus plates, also lacking leucine and 
tryptophan. 

Hybohd-N filters were layed on yeast colonies, which 
were histidine-positive and allowed to wet completely. 
The filters were lifted and submerged in liquid nitrogen 
to permeabilize the yeast cells. The filters were thawed 
and layed with the colony side up on Whattman 3MM paper 
in a petridish with Z-buffer (Per liter: 16.1 gr 
NajHPO^ . 7H2O, 5.5 gr NaH2P04.H20, 0.75 gr KCl and 0,24 6 gr 
MgS04.7H20, pH 7,0) containing 0.27% beta-mercapto-ethanol 
and 1 mg/ml X-gal . The filters were incubated for at 
least 15 minutes or during night. 
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Recovery of plasmids from yeast 



Total DNA from yeast cells, which were histidine- 
and beta-galactosidase-positive, was prepared by using 
the glusulase-alkaline lysis method as described by 
Hoffman and Winston (19 87) and used to transform 
Electromax/DHIOB bacteria via electroporation using a 
Bio-Rad GenePulser according the manufacturer's 
specifications . 

Transf ormants were plated on LB media containing the 
antibiotic agent ampicillin. 

Isolation of apopt in-associating pACT clones 

By means of colony-filter assay the colonies were 
lysed and hybridized to a radioactive- labeled 17-mer 
oligomer, which is specific for pACT (see also section 
Sequence analysis) . Plasmid DNA was isolated from the 
pACT-clones, and by means of Xho l digestion analysed for 
the presence of a cDNA insert . 

Sequence analysis 

The subclones containing the sequences encoding 
apoptin-associating proteins were sequenced using dideoxy 
NTPs according to the Sanger-method, which was perfoirmed 
by Eurogentec, Seraing, Belgium) . The used sequencing 
primer was a pACT- specif ic 17-mer comprising of the DNA- 
sequence 5 ' -TACCACTACAATGGATG-3 ' . 

The sequences of the apoptin-associating cDNAs were 
compared with known gene sequences from the EMBL/Genbank . 
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Results and discussion 

Apoptin induces specifically apoptosis in 
transformed cells, such as cell lines derived from human 
tumors. To identify the essential compounds in this cell- 
transformation-specific and/or tumor-specific apoptosis 
pathway, a yeast genetic screen was carried out. 
We have used a human cDNA library, which is based on the 
plasmid vector pACT containing the complete cDNA copies 
made from Epstein-Barr virus -trans formed human B cells 
(Durfee et al., 1993), 

Construction of a bait plasmid expressing a fusion 
gene product of GA1j4 -DNA-binding domain and apoptin 

To examine the existence of apoptin-associating 
proteins in the human trans formed/ tumor igenic cDNA 
library, a so-called bait plasmid had to be constructed. 
To that end, the complete apoptin-encoding region, 
flanked by about 4 0 basepairs downstream from the apoptin 
gene, was cloned in the multiple cloning site of plasmid 
pGBT9 . 

The final construct, called pGBT-VP3, was analysed 
by restriction-enzyme analysis and sequencing of the 
fusion area between apoptin and the GAL4 -DNA-binding 
domain . 

A gene (fragment) encoding an apoptin-associating 
protein is determined by transactivat ion of a GAIj4- 
responsive promoter in yeast . 

The apoptin gene is fused to the GAL4 -DNA-binding 
domain of plasmid pGBT-VP3, whereas all cDNAs derived 
from the transformed human B cells are fused to the GAL4- 
activation domain of plasmid pACT. If one of the 
proteinaceous substances encoded by said cDNAs binds to 
apoptin, the GAL4 -DNA-binding domain will be in the 
vicinity of the GAIj4 -activation domain resulting in the 
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activation of the GAL4 -responsive promoter, which 
regulates the reporter genes HISS and LacZ. 

The yeast clones containing plasmid expressing 
apoptin and a plasmid expressing an apoptin-associating 
protein fragment can grow on a hist idine -minus medium and 
will stain blue in a beta-galactosidase assay. 
Subsequently, the plasmid with the cDNA insert encoding 
the apoptin-associating protein can be isolated and 
characterized . 

Before we could do so, however, we have determined 
that transformation of yeast cells with pGBT-VP3 plasmid 
alone, or in combination with an empty pACT vector, did 
not result in the activation of the GAL4 -responsive 
promoter. 

Identification of apoptin-associating proteins encoded by 
cDNAs derived from a human transformed B cell line. 

We have found two yeast colonies, which upon 
transformation with pGBT-VP3 and pACT-cDNA was able to 
grow on a hist idine -minus medium (also lacking leucine 
and tryptophan) and stained blue in a beta-galactosidase 
assay. These results indicate that the observed yeast 
colonies contain besides the bait plasmid pGBT-VP3 also a 
pACT plasmid encoding a potential apoptin-associating 
protein. 

Plasmid DNA was isolated from the positive yeast 
colony, which was transformed in bacteria. By means of a 
filter-hybridization assay using a pACT-specif ic labeled 
DNA-probe, the clones containing pACT plasmid could be 
determined. Subsequently, pACT DNA was isolated and 
digested with restriction enzyme Xhol, which is 
indicative for the presence of a cDNA insert . Finally, 
the pACT plasmids containing a cDNA insert was sequenced 
by using the Sanger method (Sanger et al . , 1977). 
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Description of apoptin-associating proteins 

The yeast genetic screen for apoptin-associating 
proteins resulted in the detection of two cDNA clones A 
and B comprising a single type of protein, namely a novel 
protein called apoptin-associating protein 1, abbreviated 
as AAP-1. The cDNA AAP-l-b harbors the complete open 
reading frame with an ATG- initiation codon, whereas the 
AAP-1 -a cDNA sequence contains a partial AAP-1 open 
reading frame, which is completely homologous to the AAP- 
l-b DNA sequence. 

The determined DNA sequence of the AAP-l-a and AAP- 
1-b cDNA clones are shown in Figures 1 and 2, 
respectively. The amino acid sequence, derived from the 
detected DNA sequence of clone AAP-l-b, which represents 
the complete AAP-1 a. a. sequence, is given in Figure 3. 

Construction of an expression vector for the 
identification of AAP-1 protein in mammalian cells. 

To study whether the cloned cDNAs AAP-l-a and AAP-1- 
b indeed encode (apoptin-associating) protein products, 
we have carried out the following experiments. 

The DNA plasmid pMT2SM contains the adenovirus 5 
major late promoter (MLP) and the SV4 0 ori enabling high 
levels of expression of foreign genes in transformed 
mammalian cells, such as SV-40 -transformed Cos cells. 
Furthermore, the pMT2Siyi vector contains a Myc-tag (amino 
acids: EQKLISEEDL) which is in frame with the foreign- 
gene product. This Myc-tag enables the recognition of 
e.g. apoptin-associating proteins by means of the Myc- 
tag-specific 9E10 antibody. 

The pMT2SM vectors expressing Myc-tagged AAP-l-a or 
AAP-l-b cDNAs were constructed as follows. The pACT-AAP- 
1-a and pACT-AAP-l-b cDNA clones were digested with the 
restriction enzyme Xhol and the cDNA inserts were 
isolated. The expression vector pMT2SM was digested with 
Xhol and treated with calf intestine alkline phosphatase 
and ligated to the isolated AAP-1 cDNA inserts. By 
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sequence analysis, the pMT2SM constructs containing the 
AAP-l-a or AAP-l-b cDNA in the correct orientation were 
identified. 

The synthesis of Myc -tagged AAP-1 protein was 
analyzed by transfection of Cos cells with plasmid 
pIVIT2SM-AAP-l-a or pMT2SM- AAP-l-b- As negative control, 
Cos cells were mock-transf ected. Two days after 
transfection, the cells were lysed and Western-blot 
analysis was carried out using the Myc-tag- specific 
antibody 9E10 . 

The Cos cells transfected with pMT2SM-AAP-l-a and 
piy[T2SM-AAP-l-b were proven to synthesize a specific Myc- 
tagged AAP-1 product with the expected size of 
approximately 33 kDa (AAP-l-a) or 35 kDA (AAP-l-b) . As 
expected, the lysates of the mock-transf ected Cos cells 
did not contain a protein product reacting with the Myc- 
tag- specif ic antibodies . 

These results indicate that we have been able to 
isolate cDNAs that are able to produce a protein product 
with the ability to associate to the apoptosis-inducing 
protein apoptin. 

Co-immunoprecipitation of Myc- tagged AAP-1 protein with 
apoptin in a transformed mammalian cell system. 

Next, we have analysed the association of apoptin 
and the AAP-1 protein by means of co-immunoprecipi tat ions 
using the Myc-tag-specif ic antibody 9E10 . The 9E10 
antibodies were shown not to bind directly to apoptin, 
which enables the use of 9E10 for carrying out co-immuno- 
precipi tat ions with (myc -tagged) apoptin- associating 
proteins and apoptin. 

To that end, Cos cells were co-transf ected with 
plasmid pCMV-VP3 encoding apoptin and with plasmid 
pMT2SM-AAP-l-a . As a negative control, cells were 
transfected with pCMV-VP3 expressing apoptin and a 
plasmid pcDNA3 . 1 . LacZ-myc/His -LacZ encoding the myc- 
tagged beta-galactosidase, which does not associate with 
apoptin . 
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Two days after transf ection, the cells were lysed in 
a buffer consisting of 50 mM Tris (7.5), 250 mM NaCl, 5 
mM EDTA, 0.1 % Triton XlOO, 1 mg/ml Na4P207 and freshly 
added protease inhibitors such as PMSF, Trypsine- 
inhibitor, Leupeptine and NajVO^ . The specific proteins 
were immuno-precipitated as described by Noteborn et al . 
(1998) using the Myc- tag-specif ic antibodies 9E10, and 
analyzed by Western blotting. 

Staining of the Western blot with 9E10 antibodies 
and 111.3 antibodies, which are specifically directed 
against myc-tag and apopt in, respectively , showed that the 
"total" cell lysates contained apoptin and the Myc-tagged 
AAP-1 protein or beta-galactosidase product* 
Immunoprecipitation of the Myc-tagged AAP-1 products was 
accompanied by the immuno-precipatation of apoptin 
product of 16 kDa. In contrast, immunoprecipitation of 
myc-tagged beta-galactosidase did not result in a 
significant co-precipitation of the Apoptin protein. 

In total, three independent immunoprecipitation 
experiments were carried out, which all showed the 
associating ability of apoptin to the AAP-1 protein. 

These results indicate that the novel determined 
AAP-1 protein is able to specifically associate with 
apoptin not only in the yeast background, but also in a 
mammalian transformed cellular system. 

Over- expression of the novel AAP-1 protein in human 
transformed cells induces the apoptotic process. 

In addition, we have examined whether AAP-l carries 
apoptotic activity. First, we have analysed the cellular 
localisation of the novel AAP-1 protein in human 
transformed cells. To that end, the human osteosarcoma- 
derived Saos-2 cells were transfected, as described by 
Danen-van Oorschot (1997) , with plasmid pMT2SM-AAP-l-a or 
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pMT2SM-AAP-l-b encoding the myc-tagged AAP-l-a or AAP-l-b 
protein, respectively. 

By indirect immunofluorescence using the myc-tag- 
specific antibody 9E10 and DAPI, which stains the nuclear 
DNA, it was shown that both the partial and complete AAP- 
1 protein were present in the nucleus of the cell. 
Actually, it co-localizes with the chromatin/DNA 
structures . 

Finally, we examined whether (over) -expression of 
both cDNAs encoding complete or partial AAP-1 protein 
results in induction of apoptosis. Four days after 
transf ection, the majority of AAP-l-positive cells were 
aberrantly stained with DAPI, which is indicative for 
induction of apoptosis (Telford, 1992, Danen-van 
Oorschot, 19 9 7) . 

Co-expression of apoptin and both AAP-1 proteins in 
human tumor cells, such as Saos-2 cells, results in a 
faster apoptotic process as expression of apoptin or AAP- 
1 protein alone. The results of the apoptotic activity of 
the complete AAP-1 protein are shown in Figure 4. 
The fact that AAP-1 protein can induce apoptosis in p53- 
minus Saos-2 cells indicates that AAP-1 can induce p53- 
independent apoptosis. These results imply that AAP-1 can 
be used as ant i- tumor agent in cases where other 
(chemo) therapeutic agents will fail. Furthermore, the 
finding that both apoptin and AAP-1 induce a p53- 
independent pathway indicates that AAP-1 fits in the 
apoptin- induced apoptotic pathway. 

In conclusion, we have identified an apoptin- 
associating protein, namely the novel AAP-1 protein, 
which is present in the nucleus and able to induce (p53- 
independent) apoptosis in human tumor cells. 

Production of polyclonal antibodies directed against AAP- 
1 proteins . 

For the production of polyclonal antibodies against 
AAP-1 proteins a putative immunogenic peptide was 
synthesized (AAP-1 peptide consists of the amino acids 
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N/ terminus -CTKTSETNHTSRPRLK-C/terminus; EuroGentec SA, 
Belgium) . Subsequently, rabbits were injected with the 
specific peptides according the standard procedures of 
the manufacturer - 

The serum derived from the rabbits injected with the 
AAP-1 peptide was shown to be specific for the above 
described AAP-1 products by means of ELISA and Western- 
blot assays . These results imply that we have generated 
specific antibodies, which can be used for detecting the 
Apoptin-associating protein AAP-1. 



In conclusion, we have provided evidence that 
interference of specific factors with the function of 
AAP-1 proteins results in induction of apoptosis. 
Therapies based on induction of (p53 -independent ) 
apoptosis are possible utilising the interference with 
the function of AAP-1 proteins. An example of such an 
interfering factor is apoptin. Another CAV-derived 
protein, which is known to induce apoptosis and also 
known to enhance apoptin activity is VP2 (Noteborn et 
al . , 1997) . 
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Description of the figxires 



Figure 1 shows the partial sequence of vector pMT2SM-AAP- 
1-a. The DNA sequence of the AAP-l-a cDNA is given in 
bold. 



Figure 2 shows the partial sequence of vector pMT2SlVI-AAP- 
1-b. The DNA sequence of the AAP-l-b cDNA is given in 
bold. 



Figure 3 shows the amino-acid sequence of the analysed 
region of the apoptin-associating clone AAP-l-b (bold) . 
In addition, the three C-terminal amino acids H-E-G of 
the multiple cloning site of pACT are given to illustrate 
that the AAP-1 amino acid sequence is in frame with the 
GAL4 -activation domain. This feature proves that the AAP- 
1 region is indeed synthesised in yeast cells. Note that 
in figure 3 amino acid position 23 corresponds with the 
first amino acid of an AAP-1 like protein. Functional 
domains or fragments herein can for example be identified 
as a transcription factor binding domain running from 
amino acid position 1 ( = 23 in figure 3) to about 54; a 
zinc- finger motive, protein-protein interaction and/or 
protein-nucleic acid interaction domain running from 
about amino acid position 25 ( = 47 in figure 3) to about 
42; an apoptosis associated region running from about 
amino acid position 32 to 226; a nuclear localisation 
signal running from about amino acid position 74 to 81; 
and a nuclear localisation signal running from about 
amino acid position 102 to 108, or at equivalent 
positions in another AAP-1 like protein. 

Figure 4 shows the apoptotic activity of AAP-l-b protein 
in Saos-2 cells, when expressed alone (filled square) or 
in combination with apoptin (open square) . The percentage 
of apoptin- induced apoptosis is also indicated (filled 
triangle) 
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CLAIMS 

1. An isolated or recombinant nucleic acid or 
functional equivalent or functional fragment thereof 
encoding an apoptin-associating proteinaceous substance 
capable of providing apoptosis. 
5 2. A nucleic acid according to claim 1 derived from a 
cDNA library. 

3. A nucleic acid according to claim 1 or 2 wherein 
said cDNA library comprises human cDNA. 

4 . A nucleic acid according to anyone of claims 1 to 3 
10 capable of hybridising to a nucleic acid molecule 

encoding an apoptin-associating proteinaceous substance 
as shown in figure 1 or 2. 

5. A nucleic acid according to anyone of claims 1 to 4 
being at least 70% homologous to a nucleic acid molecule, 

15 or to a functional equivalent or functional fragment 

thereof, encoding an apoptin-associating proteinaceous 
substance as shown in figure 1 or 2 . 

6. A vector comprising a nucleic acid according to 
anyone of claims 1 to 5 . 

20 7. A vector according to claim 6 comprising a gene- 
delivery vehicle. 

8. A host cell comprising a nucleic acid according to 
anyone of claims 1 to 5 or a vector according to claim 6 
or 7 . 

25 9. A host cell according to claim 8 which is a 

eukaryotic cell such as a yeast cell or a vertebrate 
cell . 

10. An isolated or recombinant apoptin-associating 
proteinaceous substance capable of providing apoptosis, 
30 11. A proteinaceous substance according to claim 10 

encoded by a nucleic acid according to anyone of claims 1 
to 5 . 

12 . A proteinaceous substance according to claim 10 or 
11 comprising at least a part of an amino acid sequence 
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as shown in figure 3 or a functional equivalent or 
functional fragment thereof. 

13. An isolated or synthetic antibody specifically 
recognising a proteinaceous substance or functional 

5 equivalent or functional fragment thereof according to 
anyone of claims 10 to 12 , 

14. A proteinaceous substance specifically recognisable 
by an antibody according to claim 13. 

15. Use of a nucleic acid according to anyone of claims 
10 1 to 5, a vector according to claims 6 or 7, a host cell 

according to claim 8 or 9, a proteinaceous substance 
according to anyone of claims 10 to 12 or 14 for the 
induction of apoptosis. 

16. Use according to claim 15 wherein said apoptosis is 
15 p5 3 -independent . 

17. Use according to claim 15 or 16 further comprising 
use of a nucleic acid encoding apoptin or a functional 
equivalent or fragment thereof or use of apoptin or a 
functional equivalent or fragment thereof. 

20 18 . A pharmaceutical composition comprising a nucleic 
acid according to anyone of claims 1 to 5, a vector 
according to claims 6 or 1 , a host cell according to 
claim 8 or 9, a proteinaceous substance according to 
anyone of claims 10 to 12 or 14. 

25 19. A pharmaceutical composition according to claim 18 
further comprising a nucleic acid encoding apoptin or a 
functional equivalent or fragment thereof or apoptin or a 
functional equivalent or fragment thereof. 

20. A pharmaceutical composition according to claim 18 or 
30 19 for the induction of apoptosis. 

21. A pharmaceutical composition according to claim 20 
wherein said apoptosis is p53 -independent . 

22. A pharmaceutical composition according to anyone of 
claims 18 to 21 for the treatment of a disease where 

35 enhanced cell proliferation or decreased cell death is 
observed . 

23 . A pharmaceutical composition according to claim 22 
wherein said disease comprises cancer or auto- immune 
disease . 
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24 . A method for treating an individual carrying a 
disease where enhanced cell proliferation or decreased 
cell death is observed comprising treating said 
individual with a pharmaceutical composition according to 
5 anyone of claims 18 to 23. 
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ABSTRACT 

The invention relates to the field of apoptosis. The 
invention provides novel therapeutic possibilities, for 
example novel combinatorial therapies or novel 
therapeutic compounds that can work alone, sequentially 
to, or jointly with apoptin, especially in those cases 
wherein p53 is (partly) non- functional . 
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Xhol 

1 ACCANACCCAAAAAAAGAGATCTGGAATTCGGATCCTCGAGGCCACGAAGGCCGAAACAG 

61 TGCIGW«»a:TTTAWVTGCAGCATCT(XGATGTGAGGAAA^ 

121 TCGGATOJ^TTCTCACCTGGTWraJCW^GTGGCACAAC^ 
CCCTAW^AAGG&GMUSAAGGAGIVAAGTTGAAAAG^ 

241 cAAGGAAATTAGTCCTJUSTCTTXCCJAGJUVWUiiy^^ 

301 TGACI«^TCTGAAAGATCCTCCTAGTG^^GCAAACAGCATftC^ 

361 jjJU3ACCAGCGAAACAAAaX»CACCTCAAGGCCCCG^ 

421 TGCACAfiaW5TTGGC»CTAACTGTGGGCAACGTCACCGTCAT 

481 juuwsACTCGCTCCtCATCGACMCCTCATCCAavGT^ 

541 cw»GWUXACMCAGCTCGGGGTCAQAGAGCACAeM»^^ 

601 GCCM^GGGCGACATGTCAGCAGTCW^GATGAAXCTTTCTG^ 

661 iGW«ACTATeAATCAG<»TAlGJUUlTXCAAAJU:CTC(ACCTC3CCC^^ 

721 cCTGGAGAATCTTCTtaCGACATCGACCTCTTAGXGATOCTGCCAG^^ 

791 GCCKSGOCCXTCTQGCCMXM^^ 

841 TOayvTTCCATTCTTlTATATGATTXTCCTAACAATOlTTTJUWLTTOGAT^^ 

Xhol 

901 ATCXACTTTTTATAAAAAAAGCCTTYGTGGCCTCGAGAGATCTATGA 



Figure 1 
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1 T^tAACTATCTATTCGATGATGAAGATACCCCACCAAACCCAAAAAAAGAGATCTGGAAT 
Xhol 

61 TCGGATCCTCGAGGCCACGAAGGCCraTCTCCTCCGAGCGeCOXGGTlfXCGGCTXGGGG 

121 GoeSOOSGGGTJ^CJ^CCMCa^TGAC^ 

181 AGaU»AGCGAAACCTGCC<XJiGACGWViMGTTTTOGGATTCTaw^ 

241 AACA6TGCT<»AGCCirTAAAIGCAGCATCTGCGATGXSAGaAAAGGCACCTCCACCAGA 

301 wuwxTCGGATC3ATTCaKa^GCTGGTGGCACWWy^ 

361 cCACCCCCTAAAAACGAGI«^GAAGGW3AAAGTT<3AAAAa»GGIM^ 

421 AAWSACAAGGAAATTAGTCCTACTGICTACCAAGAAAAATACCAACAAGAAAACCAAAC^ 

461 juwSTCTSI^rrCTC3AAAGATCCICCTAGTGAAfiCAAACAGCAXACy^ 

543^ ;^(yg^CAAAGJ^»GCGAAACJUVATCAC^ 

601 AGCACTGCACAGCAGTTGGCAGXAACTGTGGGCAACGTCACCGTCMTi^^ 

661 AAGGAAAAGACXCGCOICCTCATCGACATCXTCATCCAC^ 

721 GAAOWSCAGAACCy^CSAGCAGCTCGGGGTCAfiAGA^ 

781 KCACGCCMKOCSGCGhO^ 

041 j^TTGTGAAAACTATGAATCAGGGTATGAAATXCAAAACCTCGA^ 

901 GCATCCCTGGAGAATCXTCTGIGGACATCGACCTCTTACTGATGCTGCGA^ 

961 xGCTTGCCATGGGCATCTGGCCACCJAGGJATTTCGa^ 

1021 TTTTATGTATTCCATTGTTTTATATGATTTTCCTAACWVTCATTTA^ 

Xhol 

1081 CCTGAATCTACTTTTTATAAAAAGGCCTTCGTGGCCTCGAGAGATCTATGA 



Figure 2 
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HEGLSPPSGA GFGLGGAGYS 
AADSGFNDCS VCTf^SAEA 
S<2X»VAQQVAQ QYATPPPPKK 
SP5VTFKKMTH KKTKPKSDIL 
ETNHTSRPBXi KNVDRSTAQQ 
SSSTSSSTV7 SSAGSEQQKQ 
CftlSAVHDESF •NCTWNCENY 
LLWTSTS-^*C CQDNFCLPWA 
CF1*FS*QSF IIGCAPESTF 



3/4 

PSMZMGX>KKS PTRPKRQAKP 
FKCSZCDVRK GTSIKKPRXM 
EKKEKVEKQD KEKPEKDKEI 
KDPPSEAKSX QSAKAXTKT5 
LAVTVCMVTV IITDFKEICrR 
SSSGSESTDK GSSR3SXPKG 
E5GYEIQNLH LPMLLASLEN 
SGHQGISHPD DYS^HFYVFH 
YKKAFVASRD L* 



Figure 3 
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2 3 
days after transfection 



Figure 4 
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